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Distinguere: 
trattamento di una malattia genetica da 
trattamento genetico di una malattia 



. . . Malattie genetiche intrattabili? 
No! PKU, sordità, emofilia.... 



NB: Non c'è correlazione tra "causa" e "trattabilità" 
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TERAPIA FARMACOLOGICA PER LE MALATTIE GENETICHE 
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Trattamento "convenzionale" malattie genetiche 

(le tre "R" = Restriction, Replacement, Removal) 

Restriction - Limitazione di substrati 

Es Fenilalanina - Fenichetonuria 
Colesterolo - Ipercolesterolemia 

Replacement - Sostituzione di prodotto deficitario/tessuto 

Es Fattore Vili - Emofilia A 

Enzimi digestivi - Fibrosi cistica 
Ormoni tiroidei - Ipotiroidismo 
Trapianto di cuore, rene, fegato 

Removal - Rimozione di metaboliti tossici o tessuti malati 

Es Salassoterapia - emocromatosi (accumulo di ferro) 
Penicillamina (chelante del rame) - m.di Wilson 
Colectomia (asportazione colon) - Poliposi colica adenomatosa 



Terapia genica 




TERAPIA GENICA 

Definizione 

Introduzione (mediante vettore, es virus) di 
sequenze di acido nucleico ricombinante nelle 
cellule (somatiche o [?] germinali) di un paziente 

(o di un embrione ?... figlio? atleta? ) 

Obiettivi 

Aggiungere, riparare(?) o bloccare la funzione e/o 
l'espressione di specifici geni nel trattamento di 
malattie genetiche, ereditarie e non ereditarie 

(o di condizioni non patologiche. . ..? Altezza, appetito, massa 
muscolare, memoria ?) 



Tipi di terapia genica 



1. TG ex vivo: le cellule bersaglio 
sono rimosse dal paziente, 
modificate geneticamente in vitro e 
reintrodotte 



2. TG in vivo: introduzione diretta 

del "gene terapeutico" nel paziente 
(iniezione, inalazione) 





1115-17.011 SESSIONE PLENARIA ($à!a Grande) 
Terapia Genica 

Moderatori: A. Caa (Cagli ari) r A. Colobo (Teramo) 



Ì5.15 
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Terapia genica doN'ADA-S^Ul 1 
A. Aiuti (Mi Inno) 

La kTLipia genici e edilltore del In lanosi * iisii^si 
M. Goriest (Mita no) 

Globln gene transfer l'or ihc [resili ne ili ui'sm're hemagtobiri^ 
M.SndclAin (New York, USA) 
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Trasduzione in vitro 



Impianto diretto del gene 

Adenovirus 
Lipososomi 
Frammenti di DNA 



- SOMATICA 

- GERMINALE 

- MIGLIORATIVA 



TIPI DI T.G. SOMATICA 



1. Gene supplementation (augmentation, GAT) 

TG "classica" sostitutiva - loss of function 
(es.CF, emofilia) 

2. Gene replacement 

(gain of function, es. malattie dominanti) 

3. Inibizione mirata dell'espressione genica 

(es TG antisenso, RNAinterference) 



TERAPIA GENICA: VETTORI 



• VETTORI VIRALI: RETROVIRUS 

ADENOVIRUS 

VIRUS ADENO-ASSOCIATI 

HERPES SIMPLEX VIRUS 

LENTIVIRUS 

•VETTORI NON VIRALI: PLASMIDI 

LIPOSOMI 

CONIUGATI DNA-PROTEINE 



VETTORI PER 



Alcuni 
potenziali 
vantaggi 




Integrano i geni nei 
cromosomi dell'ospite, 
consentendo una 
stabilità a lungo 
termine 



1 



&9 



T 




Adenovirus 



La maggior parte non 
causa gravi malattie; 
possono accogliere 
geni estranei di grandi 
dimensioni 




Alcuni difetti 
dei vettori 
esistenti 




I geni si integrano a 
caso, pregiudicando a 
volte i geni dell'ospite; 
molti infettano solo 
cellule in divisione 



I geni a volte funzionano 
transitoriamente, per la 
mancata integrazione 
o l'attacco del 
sistema immunitario 



TERAPIA GENICA 







Virus adeno- 
-associati 

Integrano i geni 
nei cromosomi 
dell'ospite; non 
causano malattie 
umane note 



Non possono 
accogliere geni 
estranei di grandi 
dimensioni 



Liposomi 



Non hanno geni 
virali e pertanto non 
causano malattie 



DNA «nudo» 



Come i liposomi; si 
prevede che sia utile 
per le vaccinazioni 





Sono meno 
efficienti dei virus 
nel trasferire geni 
alle cellule 



È inefficiente nel 
trasferimento genico 
e instabile in gran 
parte dei tessuti 
dell'organismo 



RETROVIRUS 
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Reverse Transcnptase/ Integrase 



TERAPIA GENICA SOMATICA 

UNA DELLE PRIME APPLICAZIONI 

NELL'UOMO 



Correction of 



•SCJD by Stem 




Celi Cene Therapy Combined with 



Nonmyeloablative Conditioning 

ALiuindro Aiuti, 1 Shimon Sbvln/ Marna t Akai\ a 
Francarti Fi Ciri, 1 Sara DwLa, 1 ALiiiindra Mortati*™, 1 
Shoahana Mortckl,' Graziai AndolfJ 1 Antonalb Tabu echi J 
Filippo Cariu«J 4 > Enrico Marinallo, 1 fa da fka Cattante 1 
S*rjto Val, 1 Pao4c Sarvia* " Rcbarto MEnioro^ 
Miri ■Orai! a Ronearolo^* * Claudio Sordi gnor» 1 **t 



Science, Giugno 2002 



ADA = Adenosina deaminasi 

SCID = Severe Combined Immuno Deficiency 



Gene X clonato 




Figura 11.12 Approccio ex vivo e in vivo di terapia genica. Nell'approccio ex vivo, alcune cellule di un paziente che presenta un deficit del 
gene X, vengono prelevate, il difetto genetico viene corretto in vitro e, successivamente, le cellule vengono reintrodotte nel paziente. 
Nell'approccio in vivo, il vettore di terapia genica viene iniettato direttamente nel paziente. (Modificata da Strachan T, Read AP. Human mo- 
lecular genetics, 3 rd ed. Garland Science, New York-London, 2003.) 



Neri G, Genuardi M. Genetica umana e medica. Elsevier Masson, Milano, 2007 



TERAPIA GENICA 
UNA STORIA CONTROVERSA 



Harmful potential of virai vectors 
fuels doubts over gene therapy 



Erika Check. Washington 

The troubled fìeld of gene therapy was 
dealt a fresh blow this week. after a study 
suggested that modified vinises nsed in some 
tnaJs might cause liealth problems. 

The study. led by geneticist Mark Kay at 
Stanford University, California, examined a 
modified virus used in gene-therapy trials to 
treat haemophilia and cystic fibrosis. It 
revealed that the virus lias the potential to 
cause the same problems that led tocancer in 
an unrelated gene-therapy trial last year. 

In gene therapy. doctors use a gutted virus 
as a 'vector' to transfer corrective genes into a 
patient's cells. But if the vector stitches itself 
into a cell s genes. it can cause the celi to 
mutate and become cancerous. This was 
demonstrated last year. when two children 
who had gene therapy for severe combined 
immunodeficiency disease (SCID) developed 
leukaemia (see NatwrilQ, 545-546: 2002). 

Scientisti are stili trying to establish 
exactry why tire SCID patients developed 
cancer. and will discuss the trial at thisweek's 
meetinc of the American Societv of Gene 




Dot tor* at Stanford trral a haemophiliat' in a gene- tiicrapy trial — bui Imv. vi Ir b the procedure? 



Febbraio 2005 




news 



Second cancer case halts gene-therapy trials 
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News 




Gene therapy put on hold as 
third child develops cancer 



CENI THERAPY 



Second Child in French Trial 
Is Found to Have Leukemia 



■"" Jimpiiiiini 



Gene therapists trapelili as trials 
resumé with childhood disease 
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Gene therapists hopeful as trials 
resumé with childhood disease 
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Juì yaliL'iilr. fursl^n!. o1 -zaiLirt'i Eur al k'Ui-E a 
dLiradu adkr Itiu Iriat. ■ 
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Gene therapy put on hold as 
third child develops cancer 



Erika CJiecJt, Wa^nlnoton 
S( ]L j inliiJilK Ji .lv-l" haEled Cinica] t iLaLn iif i^ene 
thcra].>y ht treat a rare im mu rtt dÌKiindcr — 
Letti ihan u vcar after the trials wene 
l-? Lui ndicit f^U^iwijiy, an caHier sfOpi|jas$c 

Ih t- 1 ri ;ik\ uhc gpne therapy Hitneal differ- 
«nt hirmsMif Hevere CcjjnhLncJ tmmLinddcfi- 
dincy Jiscasc (SCED). The fìnti E rial t(i bc 
hEopped waA haJlrJ in Ottg^cr 2^2, a.nJ 
Hrther trials wtvc haltctl threc- mmithui 3atcr H 
atlcriwii L^KiLJiifn L» the tri id.K dc^rrltnpc J can- 
cer. Hut authortries altnwed ibcm lu nesumr 
durici^ the pajst jnear J Vera use the treatment 
badi cured many ditldren whu lack reliahle 
aiternative E re-at menti. 

KeKe-ardu: rs bave nOw haLted the trials 
iyain, afferà thind patient ivas fHHLndtLS have 
deveL-i nped Cancer. The su .spensid n. \n a signif- 
iùnnt sethatlc for the nascent fldd i^t gene 
tfieru py, [^ecause SC] D tveal m-t: Lìt ha* 1 K.*eii its 
most pmnrnLnLi applkalitin tó Jale 

The child with canicci' was a paticnt nt 
Alain Fischer uf the Necker Hospital" in Kairis. 
He ha.t hecn ujiln^ sj;ene therapy Lo lrc.it the 
X-Iinked tbrm oi SCtLA, VF'hich ij, iJtherwise 
imly Ireatafile with bone - ma rn>w tra nsplant 
and is stili Liftcn fatai. Fische r's Irid re&taitcd 
I ast May, and his team has treated one child 
liinccthen. 

Rut (in 24 }anuary, the Frenijh medicai 



regulatcìry authnrity AFSSFS announced 
that a child who waii treated \yy Fischer in 
Aprif 2(NJ2 nitw has cancer. 

As. a reSu]t h Fischerà tria I and si miiar cinei 
in I he United States bave Ime n h al tedi again. 
The aj;ency alui Said that (me of the ijri^inal 
Iwìi patierits wht» had Iteen dia^nosed wrth 
cancer — Jurth <iF whsim were in Fischer^ 
triaJ — died lastQctnhe] - . 

Fischer is nmv investigai in^win- 1 liei bird 
child h who was treated at a laterale than the 
prevÌL>uS tw<> chJdren h devcloped carteer. 
The child's cell.s did noi seem to have the 
sartie yenetic ^Jitch that ca Lxsed the first Iwti 
cancer^ , he say.s, bui he ca li rio that the 
ana.Ly.His Ls Sitili under way. 

Fischer adds- thal he SttLL helieves in gene 
therapy as - a treatment fL^r X-tinked SCAD, 
because 13 child re n treafeJ in ibis way are 
sliLL alive, and 34 are doing iveLE fuur ycars 
laler. Bilt hisgroup will not Ereat any more 
children usLngits cunent gene- therapy sys- 
lem h he .say.s. L [e aJds that he pEans,tu change 
a key step in the Trealment hy cha ir^in^ the 
vecfor — che maidified viru.s that delivers the 
therapeul ic jjjene to the pai ienf.s. 

'"The efficacy Ls the re, but we have to 
impn>ve L»n the safety," Fischer .says s adding 
that this is "not an u noi mmun struatinti 7 ' in 
medicai resea rch . ■ 
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Mario Capecchi 




GENE TARGETING 



Locus genomico [ 



Vettore di targeting 



Ricombinazione omologa 



Locus genomico [ 
modificato 



Figura 1 1.7 Rappresentazione schematica di un esperimento di ge- 
ne targeting. Il vettore di targeting è un plasmide contenente circa IO 
kb di DNA identico alla regione che viene sostituita, salvo che per la 
mutazione che si vuole inserire (la stella) e il gene di resistenza a un 
antibiotico, la neomicina (N), per permettere la selezione delle cellu- 
le ricombinanti. Alla fine del processo il locus genomico conterrà 
esclusivamente la modifica inserita dal vettori di targeting. 



Neri G, Genuardi M. Genetica umana e medica. Elsevier Masson, Milano, 2007 
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Gene targeting in mice: functional 
analysis of the mammalian genome 
for the twenty-first century 



Maria R. Capecchi 

Atanract | Geno ifjfo#t»noln moua» 

stonctórtj' re* derarmimng gen* functlon 
in manmaia. Sire» ita Inception. this 
TflchrKftOT hss imratuitiritóed ihtistudy of 
mammalian blology and human nwdldne. 
Harei provtde aparacmaJ oooountoftn» 
work VMtt **i to the generation of gems 
largetmg wrtcrì ncw Ito at U>J cantra Ol 
tonctiorwl ganomic Analysis. 

i .rnrlii^i-tinK U i :tLH1g degnai gCnÓfflll 

madi fleti in n» - hi* IblÉ* <n™SJW 
odvanlagn reUHve lo olber procedura Ibr 

illtrmlLKillf; nlulul'ums inumine the 

I malignar ehoose* whìch gè nelle loca» 
to muinie. Scaiml ibe lechnlque iak« full 
fldviitilag? af ali the rMnurteH ptovided by 
the knnwn sequences. of ibe mouse mid 
human gcnomes arul s ihjrd, t he fowetftgator 
has cornatele control oTltnwto miHkihtc i In 
chnsen geneilc loo»'. Thfc la*t adwniflgc 
provider the investi^ator wlih the abSlhy m 
design the genrtie modtlkation nf thechosen 
Incubi so a* lo beri address ih* spreifie bio- 
logfcal questtòrl thal is. bcltig punsued. Such 
modlfications could intrude the creation ni 
nuli mutatiùn^ orjìif^ iJMOHrNit: MirrATtuN», 
ll^lhiaiicifon of regartei^^ joJolU^ 
gene exprcssion or dete rrnirte Leti lìneage, 
ni ndVw mpnlpulatptin lo resiriet the effeets 
ire itiutation lo any deslred groupofcelbs 01 
organs (s^al^rjction} nr to any chowii 
tempora! peiind duririg the tifè b^lory of the 
mouse (tempora] rcstrìclion) Surpnsingly, 



ÌO yckis after ili devdopmenl, the Icvel ol 
«ipbjtìlcatlon ofgtJXimkmwi^uJeilcsn* ihat 
art cuttetilly frasiNe In the mouse ilimngli 
gene targeting can stili only he mutehed in 
Eli ■,linpk-r nrganisfn*. isuch as haekrU ènti 



Vi 



Sunir mveMlgul'^ h.ivtf quitti l* 1 »™ 

wbeihtr >mch reduci kmbK ipproachei » 
whkh nnuWe infcrlfigHcnr Imicimri kom 
ihcperLurlwiiniihnl u nnriruil phcnoiypediiH 
me imlmcd hy the UrflCted muiations I n «nr 
vi pagati numlier nf [p?r3«it t liavt sulHcScni 
pnwtr trt provide ittjpiijte unt undm ta.nil ln^ 
ni Iwjw Lnily *i)"ip'rfx Im iln];n .il ptn'ii(tincn:i 

ÌÌucHIh hjghf = t c ign ittve fuwiion* 9jejB*dL 

iit L'i,ì , [ i'i rt ii 1 1 1 ii l'I y in J I s ^1 r f r;i 1 1 is pi uh lì »mpl k» 

a* the mouse. Fnffikfy on mori? gioomy days, 
i somctlmei* rai^ slmllnr quefrtlorw inceli. 
I kwrvcr, t wm n«t avtaiv of any oihcr more 
siu LT^sful meni)* oF dlHseci kng co ninle* bio- 
logici phicnomcnu into maoaj^blc. uiid^r 
stjindehle wmponetitif. It is to be bciped ttiai 
Ihròugh Ibe summation ol numerous W*CÌ5 
componenis, ihe desired Levd ofcbrily of 
rven viTV LmriipU^ bioliuiitjl pbfllOFu-iii) 
wlUbctì^bleiTcl. I ; urth« nuore when muft 
boltstic approadhes hsve been appliwl lo thr 
Linal™s of ine samr (ucK-^st-s, thry lli|VJ ' M> 
kir fo Lied e «ri rnoremlsejubly, iti my view, 
to prenride sigriifìcarit under^tanding (iflhesp 
compiei inpiì:, 

1 Tir iniLiat drvrlopmrnl of gene targeting 
in r»^""^"^ !™ sojuOon to twobqsiV 
pfo bUmii nw iìtjta nd foremosl was ha* in 
"p^ jioe. jpft ifw^ ni utatìons in adiOjgn geng 



V E S 



in qj llufed nw mDia^ìance aa, The seenni w as. 

"^^g^inUnc. Oliver S-nTiLthl^' Iflbantory 
and mine Ivorked i ndepe^fert h > ori soluiions 
to iSirst piorrfE^ ÒVf.ìHiVìSiii klmnlury 
prnv-ìded nswilh an appioui-h mr.i sthlulk^n 
to iJ.-ie srLond problem, WHat follows is a 
desiTiptinjiol my lahnraLory^ *;iinlribLiiSDrv5 
to the development of Rene targciing in ibe 
Ltunuie. li li imi inraiulci hc»:un^-titi^ivr. 
it is ralhrr a more personal descripiiori of our 
mntribuUons to this flckl 

mlT-IWSO: h«molP9ó*« raeomWMtkm 

'lìico^scovciiei! thiil diretteti myallcntion to 
the devclopmeni of gene tararti nfi Hegan In 
P377. At ihai lime. I vm «plorlng wliethrt 
nSTyld introduce DNA 3nto flucleij^fj^ilk 
maf jan trlls n^R recnety amali ^jltw 
nttdlc* (wilh tip UiamFirrK ni U-.sih.m nnr 

miiKiiO Wij;1f il Axelhiid >»'.t iU'Jiliim 

^r.iLcil thal mammftllian t:eUs delle km In 
L|LvitikL;ru-kii^Kc([U ) i-ouUhw-tiuiisliwiiK-il 
imo tk e celili hy racpnsingibese «Hs Lo a DNA 
caklum phwphtteo^ \" ^ nni^f i niiuuiilng 
die herpes virus ihymidine klnase {H$V-tk 
,,|..n kncmn,^f/f/V^?- > n gr" e ■ A(tbi>ugh 
Lhis was un ImporlaiU ildvancc for ibefkld nt 
HifflldC celi genctioi, ibrlr protocol was noi 
very eflìcieni. WUh ihdr procedure. Incor- 
porttlon of lunetkjiwl atpien of ibe HSV-tk 
gene «ccumd in approdi mitely onc per 
millifio tellfl expoMd lo ihe l>NA ealdum 
pliosphaie^o^pMClpl^it. Udinga ilmlìar 
jickeilon proteJure, I askeJ wlwilicr 1 1 OkM 
introduce funcilonal copie* of ihe HSV-ik 
gene into mouse tk lìhrt>blasts using very 
fine glass needlcH lo Inject ihe l>N'A directly 
in,,! ihclr nut ln'. Thi* pr^ctlurr provai to 
br'rtircmt'NtriK-lciiU *m-ttll in ihur ibui 
n^lved t he DNA ita hly^sgdjh^fuii. 
itinml u.sv (A gcn -r tu iis Ll.iiLgbterH^ Qtot 
,■.,„■, nc»t alien nUswivr mi alminl 
tmprovrmeot In the rflicicncy of a pmtefl*. 
I first reported tbe*e r^ulm al a workshop 
nrganized by Franìt Umldk in 1M» hrid 
in E jilirftfa, PnrtugaL The e^tìemelyjdah 
cflkicncv of l>NA transfer by inicroiojec 
(Joninade il practìcal tor invesligotnfji to use 



LI-US i-. ^r. 

this procedure to^rverale i^sgejik mjc_ 
il™* rixrt inin random insedi ^fatfijpsnmis 
pM A . ìli i 5 «^K-tiii iipL i shed Hy j n i cn j i n 
jfdiiig Ehcdttired JlNA luto nudeiofl^ell 
ni. ìUje^jStfiS smd al I owing i r n ryos. 
lo come to terni after 5 u^Jcahransferla_ 
jojt^r ipjHher^ J . toTtòwing this worV 
'sbop, VT^k Ruddk rapidi y champion rd 
onr resulta tbrougboul the mouse rescarch 

community. 

mcefnViKJiL lr:nisfer o\ Lhe r PSV ffc ^t-ne 
Into ceìls b y mlcroini eciion requìred tbe 
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nella mastra vita quotidiana, 
trasformandola o datenninondo il 

progresso della nostra civiltà 1J 
premio Nobel ci consente dì darà 
uri nome e un volto idle persone 
che dovremmo ricordare a 
ringraziare, ne L ( [lomento In cut 
potremo n»tf morta re cantitela di 
fato Ui utid ciipocutrin di a pillo o 
curaro imi] alile impossibili grazte 
a! Ixtvorodl Mnrk> Capocchi e del 
Huok olitili ■ «i » Ik'celluli» 

staminali 

U na ricerco |jì uisi n ni t? nte 

celebrata con tanti applausi nlk» 
«ut: Lenztato italo-amerlc a rio» da 
inoli j politici italiani. Gli stesa! die 
l'hanno «etata por legge nel 
nostro Paésoi 



C^-llulc sta «li nòli 

L-mbr'BOiinli 




I Irammenti 

di Onn di 

u m aEtrtì top-o 

Inverili nelle! 
celi ulti 




Cellula 

■^etiti-co 
gene 



Embrici ne di 



□ Il 0- 

sradlo Irritalo 



Nuovfl cqllulfl 
aldrniiiall embrlontìlJ £ 
gentil co jncr^lfl 
m<idì he ale 





Lo cellula eoi 
il goai ii mùfl Cliccato 
v i c: rl4 f Dpnru-I'D 
dalle altro e mono 

In coltura 



COSÌ SI MODIFICA IL GENE 

E SI OTTENGONO TOPOLINI MUTATI 



Nel disegno qui sopirli o rnpijrooonttttM lai ttratepiit tjonflratectol flGfle tor - 

staminali embrionali potevate da un •mortone di topo allo atadto inizia- 
li (hlùiiiucicHJl ri knsart&ca in una cellula un frammento di Dna eh* emv 
ti Brio il genn modificate?, dìo vQainorrtJlutr&i n nudilo originarlo. 
La coHuIn slimiinylr^mbf Sonale uon II gena mutato vi^ne fatta prolifera- 
re In pravità. Nella fase successiva le cellule staminali ambnonaH co&ì 
moderata vongono ini&ttate Iti un altro embrione di topo alla stadio 
ziale dello sviluppo: a questo punto si torma im embrione chimera the 
viene Inserita m una femmina; questa genera topi-chimera, che conten- 
gono solo in ricune cellule II gene modificato. I topolini-chimera si tanno 
accoppiare e generano co&i, in base alle kaggi rtel l'ereditarteli alcuni lo- 
□olmi sani e altri t:Uo hanno il gone mutato in tutle le cellule. 




Lo cellule -starninoli 
cmbr tarlali s-piio 
iniettate In un citrn 
embrioni olio itarita 
In li bit 



L'umbriane viene 
inferito In uno 
femmina 




Nascono topoUnl- 
thimflrft, con noi* 
una parte di 
cellula ifindilkfltc 



Il tapo-chlmera 

vlOrt« tatto 

occo-pplorw cari 

un tòpo normolc 






Tapi 

modificali 



Nuocenti sia topi narmoll (gialli), 
rio io ai che hanno il gc:rie 
rtiodifteoTa in tutte le cellule (rosa) 



Topi normali 



Topi KO (KNOCK OUT) (KO mice) 



Inibizione mirata dell'espressione 
genica 

(es TG antisenso, RNAinterference) 



TERAPIA 

GENICA 

"ANTISENSE" 






Sintesi proteica 





1 





DNA 




lA- messaggero 



olici enucleati de 
nti senso maschera 
rftJIA- messaggero 
e rido la sintesi 
pf ole rea. 



Trascritti non codificanti 
(ncRNA) e RNAi 



dsRNA 




Complesso proteine /jv^ì 
siRNA(siRNP) J/y/ ) RISC 



ATP ^| 
ADP + Pi 




Attivazione di RISC 



/a 
1 




mRNA 



siRNA complementari 
al mRNA target 
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Clivaggio dell'mRNA 



-7G ^\/\/\ (A) 



Figura 11.14 Silenziamento genico mediante siRNA. La presenza di 
piccoli RNA a doppio filamento, specifici per un dato mRNA, induce 
l'attivazione del complesso RISC, con formazione di siRNP (Small 
Interfering Ribonucleotidic Protein). Questo complesso si lega a un 
mRNA specifico e ne determina la degradazione mediante attività 
eso-endonucleasica. 



Neri G, Genuardi M. Genetica umana e medica. Elsevier Masson, Milano, 2007 



RNA interference 



Therapeutic silencing of an endogenous 
gene by systemic administration of 
modified siRNAs 

Jiirgen Soutschek . Akin Akinc , Birgit Bramlage', Klaus Charisse , Rnincr Consticn , Mary Donoghue , Sayda Elbashir , Anke Gcick . 
Philipp Hadwiger', Jens Harbortti , Matthias John', Venkitasamy Kesavan , Gary Lavine , Rajendra K. Pandey , Timothy Racie , 
Kallanttiottattiil G. Rajeev , Ingo Rodi 1 , Ivanka Toudjarska , Gang Wang , Silvio Wuschko , David Bumcrot , Victor Koteliansky , 
Stefan Limmer 1 , Muthiah Manoharan & Hans-Peter Vornlocher' 

x Alnylam Europe AG, Fritz-llornschuch-Str. 9, 95326 Kulmbach, Germany 

1 AinyUtm Pharmaceuticals Inc.. 300 3rd Street, Cambridge, Massachusetts 02142, USA 



news and views 



A cholesterol connection in RNAi 



John J. Rossi 



RNA interference — RNAi for short — might provide a way to silence 
disease-associated genes, but problems of delivery have hampered progress. 
Those problems may have been solved, at least in animai studies. 





Gene 





Cholesterol 




Gene 



si RNA 



Transcription 



/VA/VA, 

mRNA 



Translati ori 



Protei n 




* 



Selection 
of antisensc 
strand 



mRNA 




[^RISC^ 



<€. RISC J 



Figure 1 Silencing genes the RNAi way. % For a gene to be expressed, ils DNA sequenze must be copied 
(transtribed) into messenger RNÀ (mRNÀ)> ibis musi in Lnrn be Iranslated into a protein sequence. 
b, RNÀi works by either deslroying the mRNA (bottoni) or prevenling it troni being Iranslated (noi 
shown). In Soutschek and coJleagues* modi ficai ion 1 of the general RNÀi approach» short interfering 
RNAs (siRNAs) are synlhesized> chemicaliy modified and la beli ed on the "sense* strand (blue) wilh 
cholesterol. The si RNAs are then injected intravenously into mice> where the cholesterol group 
enables the siRNAs to be taken up into tissues. There* the sense strand is destroyed by the inherent 
RNAi p a ih way > leaving the antisense strand (red) lo bind to a complementary sequence in a target 
mRNA. Recrnitment o( a protein complex, the RNA-induced silencing complex (RISC)* enables the 
mRNA to be cleaved. 
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Nobel per la Medicina 2006 e 2007: 
silenziamento genico e "gene targeting" 






Nobel Medicina: la molecola che sa spegnere i 
geni 



I ricercatori americani Andrew Z. Fire e Craig C. Nello 
sono stati insigniti del prestigioso riconoscimento per le 
loro scoperte sull'informazione genetica 




Potent and specific 



genetic interference by 
double-stranded RNA in 

Caenorhabditis elegans 



Andrew Pire", SiQun Xu*, Mary K. Montgomery, 
Steven A. Kostas*t, Samuel E. Driver^ & Craig C. Melloj: 

*Camegie Instiuttion of Washington, Department of Embryology, 
115 West University Parkway Baltimore, Maryland 21210, USA 
t Biology Graduate Program, jóhns Hopkins University 
3400 North Charles Street, Baltimore, Maryland 2 i 2 ì USA 
t Program in Motecular Medicine, Department of Cefi Biotogy, 
University of Massachusetts Cancer Center, Two Biotech Suite 2! 3, 
373 Plantation Street, Worcester, Massachusetts 01605, USA 



Experi menta J introduci io n of RNÀ Ulto cells can be used in 
certa in biologi cui system s to interfere witb the fu net io n of mi 
endogenous gene 1,2 . Sue li effeets bave been proposeci to result 
from il si m pie tintiseli se media ni sin tbat depends on li yb ridila - 
tion between the injectcd RNÀ and endogenous messenger RNÀ 
tra use ri pts. RNÀ interference has been used in the nenia tode 
Caeuorhabdìììs elegans to ma ni pu la te gene expression 3,4 . Here we 
investigate the reqnirements for strutture and delivery of the 
interfering RNfA. To our surprise, we found that donbJe-stranded 
RNÀ was substantia II y more effettive at produci ng interferente 
than was either strand individuali ly. After injection into adult 
ani mais, purified singJe strands bad at most a modest effect, 
whereas double-stranded mixtures caused potent and specific 
interference. The effeets of this interference were evident in 
both the injected a ni mah and their progeny. OnJy a few moJecuJes 
of iniected double-stranded RNÀ were required per affected celi, 
arguing against st oc Ilio ni et rie interference with endogenous 
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SILENZIAMENTO DELLRNA 

Moderatori: Roberto Ravazzob (Genova, I) 
Maria Cristina Rosatelli (Cagliari, I] 

RNA non codificanti e regolazione 
dell'espressione genica 

Elisa CaffareLLi (Roma, I] 

MicroRNÀ e tumorigenesi: diagnosi, prognosi 
e terapia 

Massimo Negri ni [Ferrara, I] 

Utilizzo dei microRNÀ a scopo terapeutico 

Luigi NaLdini [Milano, I) 
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Mesoangioblast stem cells ameliorate 
muscle function in dystrophic dogs 

Mau t il ki 5 airi p*frléSi L Slép-ha ntì BJd1>, *z'm$£ pp-S D'Aula n-d N iùj lai Graii^tìrV Róssa ii-j T-j n h re il: i' r 
Arnia Inrto^tìnzi 1 , Paaki ^ii^n-j T, .i^-dii-L-ju ni T li iL-aud h , fealrL: tì.tìalirtz' r Ina, &a rlhè lèmy 5 , Làura Ftìraiìi 1 , 
Sara Ma irta ra*. Maria Guliifigar^ Orinila Pai^arasa 2 ,. Chiara Rinaldi 2 ,, ^ Gabriella Cubila Da Aiigal is z r 
Yva fi Ta-rrtìhla",. Claudia- Eó^J gridìi 1 , RàL^rld Bolli ik± Ili : -E-. {aiu liù CoiW ' ,7 

Dudheninemuscijiar dyatraifiy rema u ai uiriioalalj esenetc d seaselnat severely Émsts motarty and theeipectancym 
aflecledci di*n.Tnean yan "na model specifica y r t p r ->d j: ncjnea 1c r at ais i 1 -12 ivstrqphn geic a>d 1 nef j .ne:1 r J-n 
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Stem cells treat wasted muscles 

Dogs with muscular dystrophy walk better 
after injections. 

Helen Pearson 



An infusion of stem cells 
scraped from blood vessels 
has helped dogs with a form 
of muscular dystrophy to 
walk more normally, 
perhaps heralding a 
treatment for the human 
di 



Muscular dystrophies are a 
group of widespread genetic 
disorders in which the 
muscles gradually break 
down. The most common 
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Long temi correction of inhibitor prone hemophilia B dogs treated with liver directed AAV2 mediateci factor IX gene therapy. 

Niemeyer GP , Herzoq RW, Mount J } Arruda VR , Tillson DM , Hathcock van Ginkel FW, High KA , Lothrop CD Jr . 

Scott-Ritchey Research Center, College of Veterinary Medicine, Auburn University, Auburn, AL, United States. 

Preclinical studies in rnice, dogs and initial clinical trials have docurnented the feasibility of adeno-associated virus (AAV) mediated gene therapy for 
hemophilia B. In a 8 year study, inhibitor prone hemophilia B dogs (n=2) treated with liver directed AAV2 FIX gene therapy did not have a single 
bleed requiring FIX replacement; whereas, dogs undergoing muscle directed gene therapy (n=3) had a bleed frequency similar to untreated FIX 
defìcient dogs. Coagulation tests (WBCT, ACT, APTT) have remained at the upper limits of the normal ranges in the two dogs which received li ver 
directed gene therapy. The FIX activity has remained stable between 4-10% in both liver treated dogs but undetectable in the dogs undergoing 
muscle directed gene transfer. The vector/FIX sequences have persisted in liver biopsies but were undetectable in WBC and sperm DNA. Integration 
site analysis by LAM-PCR suggested the vector sequences have persisted predominantly in extrachromosomal form. A complete clinical evaluation of 
the dogs undergoing liver directed gene therapy including CBC, serum chemistries, bile acid profile, hepatic MRI and CT scans and liver biopsy was 
normal with no evidence for tumor formation. AAV mediated liver directed gene therapy corrected the hemophilia phenotype without toxicity or 
inhibitor development in the inhibitor prone nuli mutation dogs for more than 8 years. 



1: Biotechnol Letti. 2008 Nov 2. [Epub ahead of print] 



The treatment of hemophilia A: from p rote in replacement to ÀAV-meriiated gene therapy. 



Youjin S , Jun Y . 

Department of Hernatology, The Second Hospital of Shantou University Medicai College, 515041, Shantou, China, shenyoujin@yahoo.corm.cn. 

Factor Vili (F Vili) is an essential cornponent in blood coagulation, a deficiency of which causes the serious bleeding disorder hemophilia A. Recently, 
with the development of purification level and recombinant techniques, protein replacement treatment to hemophiliacs is relatively safe and can 
prolong their life expectancy. However, because of the possibility of unknown contaminants in plasma-derived F Vili and recombinant FVIII, and high 
cost for hemophiliacs to use these products, gene therapy for hemophilia A is an attractive alternative to protein replacement therapy. Thus far, the 
adeno-associated virus (AAV) is a promising vector for gene therapy. Further improvement of the virus for clinical application depends on better 
understanding of the rnolecular structure and fate of the vector genome. It is likely that hemophilia will be the first genetic disease to be cured by 
somatic celi gene therapy. 



1: Curr Qpin Mol Ther. 2008 Oct; 10(5): 464-70. 



Factoring nonviral gene therapy info a cure for hemophilia À. 



Gabmvsky V , Calos MP . 

Stanford University School of Medicine, Department of Genetics, Stanford, CA 94305-5120, USA. 

Gene therapy for hemophilia A has fallen short of success despite several clinical trials conducted over the past decade. Challenges to its success 
include vector immunogenicity, insufficient transgene expression levels of Factor Vili, and inhibitor antibody formation. Gene therapy has been 
dominated by the use of virai vectors, as well as the immunogenic and oncogenic concerns that accompany these strategies. Because of the 
complexity of virai vectors, the development of nonviral DNA delivery methods may provide an effìcient and safe alternative for the treatment of 
hemophilia A. New types of nonviral strategies, such as DNA integrating vectors, and the success of several nonviral animai studies, suggest that 
nonviral gene therapy has curative potential and justifies its clinical development. 
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□ 1: Curr Gene Ther. 2008 Oct; S(5): 391-405. 

I 

Muscular gene transfer using nonviral vectors. 



Braun S . 

AFM (Association Fran^aise contre les Myopathies), 1 rue de l'Internationale, 91002 EVRY Cedex, France. sbraun@afrn.genethon.fr. 

Skeletal muscle is a target tissue of choice for the gene therapy of both muscle and non-muscle disorders. Investigations of gene transfer into 
rnuscle have progressed considerably frorn the expression of plasmici reporter genes to the production of therapeutic proteins such as trophic 
factors, horrnones, antigens, ion channels or cytoskeletal proteins. Virai vectors are intrinsically the most efficient vehicles to deliver genes into 
skeletal muscles. But, because viruses are associated with a variety of problerns (such as immune and inflammatory responses, toxicity, limited large 
scale production yields, limitations in the size of the carried therapeutic genes), nonviral vectors remain a viable alternative. In addition, as nonviral 
vectors allow to transfer genetic structures of various sizes (including large plasmid DNA carrying full-length coding sequences of the gene of 
interest), they can be used in various gene therapy approaches. However, given the lack of efficiency of nonviral vectors in experimental studies 
and in the clinical settings, the overall outcome clearly indicates that improved synthetic vectors and/or delivery techniques are required for 
successful clinical gene therapy. Today, most of the potential muscle-targeted clinical applications seem geared toward peripheral ischemia (mainly 
through locai injections) and cancer and infectious vaccines, and one locoregional administration of naked DNA in Duchenne muscular dystrophy. 
This review updates the developments in clinical applications of the various plasmid-based non-viral methods under investigation for the delivery of 
genes to muscles. 



1: Mol Ther. 2DD8 Oct 21. [Epub ahead of print] 



Transduction Efficiency and Immune Response Associated With the Administration of AAV8 Vector luto Dog Skeletal Muscle. 



Qhshima S , Shin JH , Yuasa K , Nishiyama A , Kira J , Qkada T , Takeda S . 

[1] lDepartrnent of Molecular Therapy, National Institute of Neuroscience, National Center of Neurology and Psychiatry, Tokyo, Japan [2] 2Department of Neurology, 
Neurologica! Institute, Graduate School of Medicai Sciences, Kyushu University, Fukuoka, Japan, 

Recornbinant adeno-associated virus (rAAV)-rnediated gene transfer is an attractive approach to the treatment of Duchenne muscular dystrophy 
(DMD). We investigated the muscle transduction profiles and immune responses associated with the administration of rAAV2 and rAAVS in normal and 
canine X-linked muscular dystrophy in Japan (CXMD(J)) dogs. rAAV2 or rAAVS encoding the lacZ gene was injected into the skeletal muscles of 
normal dogs. Two weeks after the injection, we detected a larger number of beta-galactosidase-positive fibers in rAAVS-transduced canine skeletal 
muscle than in rAAV2-transduced muscle. Although immunohistochemical analysis using anti-CD4 and anti-CDS antibodies revealed less T-cell 
response to rAAVS than to rAAV2, beta-galactosidase expression in rAAVS-injected muscle lasted for <4 weeks with intramuscular transduction. 
Canine bone rnarrow-derived dendritic cells (DCs) were activated by both rAAV2 and rAAVS, implying that innate immunity might be involved in both 
cases. Intravenous administration of rAAVS-lacZ into the hind limb in normal dogs and rAAVS-rnicrodystrophin into the hind limb in CXMD(J) dogs 
resulted in improved transgene expression in the skeletal muscles lasting over a period of S weeks, but with a declining trend. The limb perfusion 
transduction protocol with adequate immune modulation would further enhance the rAAVS-mediated transduction strategy and lead to therapeutic 
benefits in DMD gene therapy .Molecular Therapy (20DS); doi: 1Q. 103S.Zmt.200S.225. 



DISTROFIA MUSCOLARE 



Skipping to new gene therapies for muscular dystrophy 

Ja mes G Tid ball ■& Melissa J Spencer 
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Functional amounts of dystrophin produced by skipping 
the mutated exon in the mdx dystrophic mouse 
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Gene therapy for red-green colour blindness in adult 
primates 

Katherine Ma ncuso 1 , W i 1 1 i a m W, Hauswìrthr . Oìuhong LI 2 , Th onnor J j James A Kudienbecker 

Matthew C. Mauck^ Jay Nefa 1 & Maureen Neitz 1 



Red-precn colour blLEidness-. whixh resulti troni the ahscneeof 
rither Lh-c lonp- I L) or the middle- IM j wavdenftf h-^nittivc Ykmal 
pho to p i ftTtimt i, la the nicst co m mon ii n pie Joc uì jc n et i e d Uo rde r. 
Hcre vre: acpJorc the pombility of curinp colour blindneii itiLnfl 
pene thefapy La es. perimenti on aduli monkey* that tiad becn 
co tour bLLcid sin oc birth. A thLrd typcot'cone pi^mcnt w±\ added 
to dkhromatic re tina^, providinp; [he reoeptoral basi-s tot trkhro- 
ntute co tour yULdel This opcnod a new ave n ut to imploro 
loquiremcnt* tror eitahiishir^ the n curai dreu tti fora new dimen- 
atoli ut colour j^utatifùrL Ctassic visual deprivation CL-perimenls 1 
ha ve ledto the expoctdiofi that neural connection^ estabLishcd 
durine dcvelopracnt wodd noe appropriai dy proceda an Input 
that ms mot prese nt front birth. Ther etere, it wa& bclievod that 
the treatment ut congenita! raion dtsorden wnuld be iiiefieetève 
urdeni aciinint&le red to the veiy younp. Hawever, he tu wc *how 
tiiat the iddi don of a tfiird opiin in adult red-prccn colour- 
dclìdent primate* wat iuflident to produce trichro matte colour 
ràion beha^iour, Thus,. trkhronmcy can arise tro ni a tinaie addi- 
tio n o f a third co ne c Las t and it docs not ni q ui/c an early devetop- 
mene al procest Thii provtdes a po sitile outlook tor the potenti*! 
of -pene therapy to cure adult vÌEÈcrn dtsorders. 
Gene theiapy was pertormedon adult ^quin-jl monkeys [Saiiuiri 
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GENE THEEtAPY 

Targeting (Mhalassaemia 

Derek A- Percorre 

Patients wrth disorde rs of the blood protein haemoglobin oftendependon IheLong Hoodtransfusiwis, 
Thatcouldchartee, grven the success of gene therapy in a patient wrth one sueh disorder. 

p 1 -Th alassaeinla La one of sev? jaJ Inhe xlfed 
dlsardeis associateti wJth abnoriDaJJtLes tn 
the Qnygeo-cajjyJnÈprolsJn haemo^obln. lt 
Ls caused hy ni ustiona la the- p\tJ.obln diala of 
haHnju.idublD that Jead to iDetfecttv? piodtt- 
uoD of ned bloodcella m dpjofoiiJi d 3 Jiaemla. 
PHtl£otawltb LVlthalassieijila Js-quLnè rtyjilar 
tdoodtransfLLsJons tòi Life. Ghrojilctransftt- 
iJons-hjveisl^DJflcajit LmpactoD the quaLlty 
ofltfe aMultljnatìEJyahorteii]Lfee(Epectancy 
Às- foi tos tiri g this dìsorder. untll uowth.e only 
avatlahk strategy bes beta thi transpl aota- 
Uoii ofoone-marrowcelLa. apiociEdiu? vòoej? 
success dependsou the avallablLtty of siiLtatiLe 
donoca. A th&rapy "based od geoettc conoctLoo 
of a pstfcnft own boue-manow ceJls has t±e re- 
turn 1 langbeeii awalted 1 . Od pa^ ilS of ibis 
Lasuo, CBVBzraru-Calvo et il 1 dallmer news of 
on^such success storv iisUig AeDetherapy. ' ■/ 

The potSDtlal Of human cene therapy fLM F ^ un 1 1 G *™-* he ™Pr- Pedine. a . Qpnxxum-CaWe et at. ccllectrd luemitopc.fd:ic riera ceJb 

hv .ir. r - ii i.V4i.-ni ih.. tv n.i- In . lini. 1 U ' ji 11,5111 lh "-' |,,,|M: "' " ^ ■' ,,A ' ,:,| J ^ Jh * nl ll|lh P" thjJjsueiTllJflDd Dinuibuoed tbem inculture 

^ Bm - HV 3 ^™ aoo^ a OÈt aoe agu. JJi uini fc Jhi . Juthora then i ntro duoed tentivi rat --vector jjnrticles cùjjtain ing □ ftinctiojinl fl-gjcrhui Bene 

CHI tnaJi Chadren Witti loterttfldjlfe-thjeat- mtCf thfi cdll and aNo^dtnern to ,^ aD d fnrtber m culture c, Tn endici thi pi nent* rmim nLrJB 
eDUielnmiLine dl£CTdfXE WÈD?gi™tliaJrowil KSCsand moke room far the ^aetically modi fied cella, the pilitnt uodemejit cbeTnctberapy ri. The 
pretTiaied boiK-maJlwhaomatOp-JetlC Stoni n/neticallT modi fied HSCi unens then transpl i nted in to the pjtient. 




Transfusion independence and HMGA2 activation 
after gene therapy of human p-thalassaemia 

Marina Cavazzana -Calvo 1 -*, Emmanuel Payen' " Olivier Negre' 4 '', Gary Wang , Kathleen Hehtr", 

Floriane Fusil l i Julian Down\ Maria Denaro", Troy Brady , Karen Westerman H *, Resy Cavallesco**, 

Beatrix Gillet-Legrand'', Laure Caccavelli' ', Riccardo Sgarra 1 ", Leila Maouche-Chrétien' '. Francoise Bemaudin", 

Robert Girot 1 ", Ronald Dorazio", Geert-Jan Mulder*. Axel Polack", Arthur Bank' ', Jean Soulier', Jerome Largherò '. 

Nabil Kabbara ', Bruno Dalle ', Bernard Gourmel', Gèrard Socie ', Stany Chrétien ' Nathalie Cartier 14 , 

Patrick Aubourg 1 *, Alain Fischer' ~, Kenneth Cornetta' , Fredéric Galacteros 1 ', Yves Beuzard ' " ', Eliane Gluckman ', 

Frederick Bushman , Salima Hacein-Bey- Abina' "* & Philippe Leboulch y * !ì * 



The p-hacnioglobinopathic are the most prcvaknt inherited dU- 
orders worldwidc. Gene therapy ut |S-thaLa&sacmia b particularlv 
challcfi);ing givcri the requirement ior massive hacmoplohtn pro- 
duction in a lincagc-spccific manna and the lack ot sdective 
advantage (or corrected hacniatopoietìe «tem eells. Compound 
P^P^-thatassacmia is the most common forni of severe thak&tsae- 
nùa in southern Aslan countrks and their diaspo ras 1 ^. The |5 [ - 
gbbin aUelcbc&rsa point mutaóon that causesakcrnatìH: splhing. 
The ahnormally splieed torni is non-coding, whereas the corrceth 
splic ed messenger RNA expresses a mutated (J E -globin vsith partial 
instability'. Whcn this U conipounded nith a non-runctional p" 
allelc, a proto un d decreasc in p-globin synthesU resulti, and 
approximatelv holt ot p r 'p^-thabssaemia paóonts are transtuaon- 
dependent 1 '. The only available curative therapy U alogcnek hac- 

n uit •'(->< iictjt Ntein idi ti.ni'vpljntaion, althougl «1 p*knts do 

not ti .ne a hunun-leukocMe-antigen-nutched, geno-identical 
donor, and ti» se v» ho do sol l'tìt rejcction or gratt-verais-host 
discase. Hcre we show that, 33 monthsarter lentì\nraJ p-globki gene 
tran iter, an adtdt pattern with severe p c /p°-thalassacmta denendent 
on monthh transtusions sincc earl\ childhood has become trans- 
tusion indepcndent tor the past 2 1 monchi. Blood haemoglnbin is 
maintained between 9 and lOgcfl ', of which one-third contai» 
vector-encoded p-globin. Most of the tlierapeutic benefit resulti 
tromadominant, mydoid-btascdcdl do ne, in which the iute grated 
vet tor causeitranscriptional acbvaOonof HAfGAJinerythroid celi» 
with rurther i ne reased exprcssion ot a truncated HS((H2 mRNA 
insensitive to degradxion bv let-7 microRN'As. The clonai domi- 
nante that accompanki therapeutk efiicao may he coinòdental 
anditochasticor rcsiit trama hitherto benigncdlexpansioncauscd 
by dysregulation of the HAfGAJgcne in stem 'progenitor cclls. 



tidelitv and high titres u . Hencc, severa! mouse modds ot the |3- 
haemoglobinopathics luu- been coriccted.long-tcrm.by a > mo trani- 
duction of hacmatopoietic «cm cdk iHSCil with p-globin lcntivir.il 
vcctors vu '. These advances bave proni pted the prude ut initution of a 
human dinical trial iSuppiementary Note l). 

The gena al st ructure ot the Ji-globin-cxprcssing lentiviral vector 
has been previously deserhed" iSuppIcmentary Fig, 1 1. lt is a *lf- 
inactivating vector with two copici of the 2S0-base-pair ibp) core of 
thccHM chmmattn insula to r" impLiited in thcLt? region. Itencodes 
a mutated aduk p-globin (p^ T *'^')withantì-sidding prone rties'that 
can he distingukhcd boni norma! aduli (i-globin lp 1 by high- 
performance h. nini chromatography l HPl C) analysis in indK'iduals 
rcceivingrcdbtoodcelltranslu.iioni ami' or p'-thatisiaemia patients. 

This rcport tocuses on the first treated patient lP2l who did not 
receive hack-up ceOi: a male, aged IH ycars at the urne ot treatment, 
with severe P Vp ù -thalassaemu. A previo us patient IPII tailcd to 
engratt he cause the HSGs had been compromised by the tcchnical 
handling of the cdls withoui relation to the gene therapy vector. PI 
faUed to engratt after Swecks and was thus given back up cdk 
iSupplemcntarv Note 21. P2 was first transrused at agethrec because 
ot poorly tolcrated anaemia (h.7gdl _i despite residua! tetal hae- 
moglobin iHbFn and major hepatosplcnomegaly. Translusion 
requirements rapidly mcrcased to once a month 1 2—3 red blood celi 
packs cach tinie, IS7ml ot' red blood cdls per kg the vcai before 
transplant 1. He was spie nectomired at ìf? b. In spiteof this, Hblevek 
dee reased severa! times to ai low as -I g di ~ . and hydroxurea therapy 
was incttective. Iron chebbon wai initiated at age 8 by parenteral 
dderoxaminc ovcrnight, 5 times a week. The patient did not have a 
rclated hunian-leukocvte-antigen-matched donor and wa» thus 
enrulk-d in thii trial after informcd conscia. 



TERAPIA GENICA 

PROBLEMI PRINCIPALI 

• Espressione genica bassa o transitoria 

• Ridotte dimensioni dell'inserto ("gene 
terapeutico") 

• Difficoltà a raggiungere alcuni tessuti (es. SNC) 

• Risposte immunitarie nell'ospite 

• Difficoltà ad ottenere una precisa regolazione 
dell'espressione genica 

• Incapacità ad infettare cellule quiescenti (es. 
retrovirus) 

• Potenziale ruolo oncogeno (mutagenesi da 
inserzione) 



Terapia genica "migliorativa" (genetic enhancement) 
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Il doping dei geni cambierè la natura dello sport 
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gQETICA 

La Consulta di Bioetica - Sezione di Verona e Sezione di Pisa 
con il patrocinio dell'Università degli Studi di Verona 

presentano itn convegno sirf tema 

POTENZIAMENTO BIOLOGICO 
ENHANCEMENT c QUESTIONI ETICHE 




venerdì 11 dicembre 2009 - ore 15.00 
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Consulta di Bioetica - Sezione di Verona 

Prof. Alberto Turco 
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Prof. Cristiano Chiamiti era 
Università di Verona 
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Xenotrapianti 



Production of 



a-1 f 3-Galactosyltransferase 
Knockout Pigs by Nuclear 

Transfer Clonine 

Uangxue Lai, 1 Donna Kolber-Simonds, 3 Kwang-Wook Park, 1 

Haa-Tae Cheong, 14 Julia L. Greenstein, 3 Ci-Sun Im, 15 
Melissa Samuel, 1 Aaron Bonk, 1 August Rieke, 1 Billy N. Day, 1 
Clifton N. Murphy, 1 David B. Carter. 12 Robert J. Hawley, 3 

Randall S. Prather 1 * 

The presence of galactose a- 1,3-galactose residue* on the surface of pig cells 
is a major obstacie to successful xenotransplantation. Here, we report the 
production of four live - 



y e P'P m which one allele of the a-1,3-galactosyltrans- 
te. ase locus has been knocked out. These pigs were produced by nudear transfe r 
technology; clonai fetal fibroblast celi lines were used as nuclear donors for 
embryos reconstructed with enucleated pig oocytes. 
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Production of 
a1,3-Galactosyltransferase- 
Deficient Pigs 

Carol J. Phelps, 1 Chihiro Koike, 34 Todd D. Vaught. 1 
Jeremy Boone, 1 Kevin D. Wells, 1 Shu-Hung Chen, 1 Suyapa Ball, 1 
Susan M. Specht, 34 Irina A. Polejaeva, 1 Jeff A. Monahan, 1 
Pete M. Jobst, 1 Sugandha B. Sharma. 14 Ashley E. Lamborn. 1 
Amy S. Carst. 1 Marilyn Moore, 2 Anthony J. Demetris. 35 
William A. Ruderi, 36 Rita Bottino, 3 6 Suzanne Bertera, 36 
Massimo Trucco, 3 6 Thomas E. Stani, 14 Yifan Dai. 1 * 
David L. Ayares 1 * 

The enzyme a 1.3-galactosyltransferase (nlJCT or CCTA1) synthesizes «1.3- 
galactose (t»1.3Gal) epttopes (Calal,3Cal|i1.4CkNAc-R), which are the major 
xenoantigens causing hyperatutc rejectlon in plg-to human xenotransplanta 
tion. Complete removat of 'i1,3Gal from pig argans is the criticai step toward 
the success of xenotransplantation We rcported earlier the targeted disruption 
of one allele of the u 1.3GT gene in cloned pigs. A selection procedure based on 
a bactcnal toxin was used to select for cells in which the second allele of the 
gene was knocked out. Sequencing analysls demonstrated that knockout of the 
second allele of the u 1.3CT gene was caused by a T-to-C single point mutation 
at the second base of exon 9, which resulted in Inactivatlon of the n1,3GT 
protem. Four healthy m1.3GTdouble-kno<kout Iemale piglets were produced by 
three consecutive rounds of clonlng. The piglets carrymg a point mutation in 
the n 1JGT gene hold sigmflcant value, as they would allnw production of 
.»1,3Gal-deficient pigs free of antibiotic resistance genes and thus have the 
potential to make a safer product for human use. 



Ttie cn/ymc « IJ-galactosyltraitsfcrasc 
(a 1*301 or GOTA I > syndicsizcs alJGaL 
cpiiopcs iGal.«I.Hialpl.4GleNAc-RJ on the 
celi surface of almost ali mammals with the 
exccption of humans. apes, and Old World 
monkeys (/). alJGal epitopcs are the major 
xenoanttgens causing hyperacute rcjection 
(HAR) in pig-to-human xcnotransplantation 
(1-4). Many rcports have also mdicated that 



'PPL Thrr,ipputics Ine 1700 Kraft Drive. Biacuourg, 
VA Z4O60. USA. : PPL Therapeutics Ltd., Roslin. Mld- 
lothian. £H25 9PP. UK. *Thomas E. Stani Transptari 
tatio* Invtirutc 'Department Of Sur^ery. "Opart 
ment of ! 'atho)ogy, ard 'Department of Pediatrks 
^Divjj.on ot Immunoijenetics) of University of Pittv- 
turgn Medica Center (UPMC) and Children's Hoip - 
taL Pittsburgh. PA USA 

*To wnorri con-espondenee ihould be addressed. 
t-mail: ydai«>ppl-trerapeuttcs com: dayares^ 
ppl-therapeut'Ci.fom 



al.3Gul epitopcs are mvotvcd in acute vas- 
culai rcicction (AVRi of xenogratts \4 fi) 
Piglets wtth <il,.?GT heterozygous kncick*uit 
have been cloned by our group [7\ and 
another team \S) in the last ycar. To produce 
homozygous al,3GT knockout piglets by 
naniral breeding, assummg both male and 
Iemale heterozygous knockout pigs are avall- 
atile at the sarne ttme and are fenile, is 
feasiblc but takes up to 12 months Howcvcr. 
by usmg a second-rouml knockout and clon- 
tng strategy. we could save up to f> months 
and ali cloned piglets would be ul.3GT 
doublé knockout (DKO> We nave selecied 
ami .-nm he a r'or cil,3GT DKO cellb by usine, 
a bactenal toxin. toxin A from Costnthum 
<it/Jìcile. which binds with high affinity to 
al.JGal cpitopes and produces a cytotoxic 
effect on cells that are al.3Gal-positive (JT). 
Toxin A uses «IJGal epitopcs os a celi 
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Deficient Pigs 




Miniature pigs 1 organs are 
roughly the same size as 
human ones 

Gettvlmaaes 



Engineered pig organs suruive in monkeys 

Hunnanised kidneys appearto thwart first round of rejection 
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•Nonostante la grande mole di studi e ricerche, e le promesse 
iniziali, ad oggi la TG (classica) non ha mostrato applicazioni 
cliniche efficaci se non in pochi casi di ADA-SCID 

•Esistono tuttora ostacoli e rischi, come la scarsa espressione 
genica, l'immunogenicità virale, e la possibile mutagenicità da 
inserzione 

• Prospettive: terapia cellulare, iPS (cellule staminali indotte) 



